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Abstract
We have observed stimulated Raman scattering in a 2 km long optical fiber injected
with an 81 MHz train of ~80 ps pulses from a modelocked Nd:YLF oscillator operating at
A = 1054 nm.



The A() photoinjector at Fermilab is driven by a train of 800 UV pulses (A = 263 nm)
spaced at 1 MHz. These pulses are derived from a modelocked Nd:YLF oscillator
A = 1054 nm, operating at 81 MHz at a power level of ~1 W. In order to be able
to compress the pulses in time the oscillator signal is coupled into a 2 km monomode
optical fiber (Corning SMF-28, 8.3 pum core diameter). Due to phase self-modulation the
bandwidth is increased to AX ~ 24 A and the pulse is chirped with At ~ 130 ps.

The operation of the oscillator is controlled primarily by adjusting the pump lamp
current and the cavity length. Under normal conditions we seek stable amplitude and
bandwidth at the output of the fiber. Spectral analysis of this output (using an HP 54600A
optical spectrum analyzer) is shown in Fig. 1 for different current settings and shows clearly
the Stokes line at a level of 40-50 db below the signal. The position of the line is in the
range of the known frequency of the vibrational levels of SiO,. We find for the vibrational

energy of fused silica
Av A\

= =428 +5 cm™?
C )\2)\1 o

to be compared to a published value of 467 cm~" for SiO5 [1].

We define the Raman yield as the ratio of the Stokes line to the pump power. The
Raman yield is plotted as a function of the laser intensity entering the fiber in Fig. 2. A
clear exponential growth is observed as expected for stimulated Raman scattering [2]. To
obtain the laser intensity from the optical analyzer amplitude we note that at the normal
operating current of 25A the laser power is P = 0.8 W in the f = 81 MHz pulse train, and
the pulse width 7 = 80 ps; furthermore the coupling efficiency into the fiber is n = 0.42
and the fiber area A = 54 pum?. Thus

I=(254)=n =96 MW /cm”

T-f-A

The data are summarized in Table 1.

Table I

Lamp Current Intensity in Fiber Raman Yield

(A) MW /cm? (Ps/Pp)
25 96 3.0 x 107
26 103 4.4 x 10
27 120 10.7 x 10~
28 164 132.0 x 106
29 152 66.7 x 1076



For a stimulated process
PS — Ppegseeff

where Pg, Pp are the power in the Stokes line and in the pump, g; the gain coefficient
and Zeg the effective length for stimulated emission. By writing the exponential gain in

the form
gsgeff = (gs/I)gefFI

we obtain from Fig. 2
(9s/1)ler = 56 x 1073 cm?/MW

The value of (gs/I) for a-quartz is given in ref. [3] as (gs/I) = 0.5 x 1073 cm/MW;
adopting this value for the material of the fiber, yields

logg ~ 78 cmn

This result is consistent with the short pulse duration. Since the pump and Stokes radiation
have different velocities of propagation in the fiber, the two pulses overlap only over a
limited path length and the phase relation between the pump and Stokes fields is not
constant. We also have not accounted for the initial spontaneous emission of the Stokes
line.

As the pump intensity is increased the Stokes line continues to grow and becomes
quite distinct as shown in Fig. 3a. The corresponding frequency spectrum of the pump
at the exit of the fiber is shown in Fig. 3b. If the laser cavity is detuned, the operation
of the laser becomes unstable and intense “spikes” of short pulses appear. Under these
conditions the Stokes line can almost reach the pump level as seen in Fig. 3c. Furthermore
the n = 2, n = 3 Stokes and the anti-Stokes lines become visible. It is evident that small
instabilities in laser operation can give rise to large fluctuations in the output of the fiber
and should be avoided during normal operation.

We thank Dr. Helen Edwards for her effective leadership of the Af) photoinjector
project and Mr. Ralph Pasquinelli for the loan of the optical spectrum analyzer. This
work was supported in part by Dept. of Energy Grant DE-FG02-91ER40685.
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Figure Captions

Fig. 1 The spectrum at the output of the fiber for different lamp currents. The Stokes
line is clearly observed.

Fig. 2 Raman yield as a function of laser intensity at the fiber input shows exponential
growth as expected for stimulated Raman scattering.

Fig. 3 (a) Spectrum at the fiber output for increased pump power but stable laser op-
eration. (b) Detail of the spectrum at the fiber output at the pump frequency
for the same operating conditions as in (a); note the large bandwidth. (c) By
detuning the laser cavity, operation becomes unstable and the Stokes line reaches
within 3.5 db of the pump; note also the n = 2 and n = 3 Stokes lines and the

anti-Stokes line.
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Raman Yield
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Raman Yield as a Function of Laser Intensity
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Power ratio between laser and first Raman line
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